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I. INTRODUCTION 



Among the various approaches to the construction of a unified model for the fundamen- 
tal interactions including gravity many attempts have been made to write down gravity as 
^ ■ a Yang-mills type gauge theory where the basic dynamical object is a connection one-form 
I associated with some group. In this approach the metric (the tetrad) and the Lorentz con- 
nection are identified as different components of a connection one-form. A famous example is 
the MacDowell-Mansouri gravitational formalism [1] which mimics, as much as possible, the 
Yang-Mills type gauge theory in four space-time dimensions and has been successfully applied 
' to construct different supergravity theories [2] . 

In 1986, a somewhat different, but nonetheless related approach was initiated [3] with intro- 
ducing the new variables in general relativity which can be thought of as a Yang-Mills connection 
one form on a spacelike hypersurface. much of the success associated with the new variables 
appears to be intimately related to their character as gauge fields. Not long after Ashtekar's re- 
suits, Jacobson was able to formulate supergravity in the new variables [4]. Further, Capovilla, 
• • . Jacobson, and dell developed a pure-connection theory of gravity, i.e., a formulation of gen- 
eral relativity without metric [5]. On the other hand, as early as 1974, Chern and Simons 
constructed a pure-connection theory of gravity [6]. 

Recently, several authors [7- 1 1] proposed a self-dual generalization of the MacDowell- 
Mansouri formalism which includes the Ashtekar- Jacobson theory as well as Yang-Mills theory 
starting from the (anti-) de Sitter group. Beside the de Sitter or Poincare supergravity there is 
another class of supergravity i. e., the conformal supergravity.. And it is conformal supergrav- 
ity that provides a true unification of gravity and gauge fields. By gauging SU(2,2|1) group and 
imposing some constraints on curvature a simple conformal supergravity has been developed 
by Nieuwenhuizen et al [2, 12-14]. However, in this theory tetrad rather than connection was 
taken to be a basic dynamical variable in the second-order formalism. Therefore, it is not a 
connection dynamical but a geomitrodynamical theory in a sense. On the other hand , the 
Lagrangian in this theory is quadratic in the curvature and then is different from the Einstein- 
Hilbert Lagrangian.. It is reasonable to expect that one of the basic dynamical variable be 
the connection instead of the tetrad. In this paper we show that this is the case. A self-dual 
conformal supergravity is developed and its Hamiltonian formulation is obtained. In Sec. 2 we 
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start by recalling the conformal superalgebra su(2,2|l) and then define the dual of a element 
of su(2,2|l), its self-dual and anti-self-dual part using the Dirac matrix 75. The Lagrangian of 
the conformal supergravity is constructed in Sec. 3 and then the decomposition into self-dual 
and anti-self-dual is given in Sec. 4, a self-dual conformal supergravity is obtained. In Sec. 5 
its Hamiltonian formulation is investigated and the structure of the constraints is discussed. In 
the appendix we list the Poison brackets of the constraints. The complicated structure of these 
Poison brackets makes the classification of the constraints impossible. The Dirac brackets, how- 
ever, permit us to get rid of the second class constraints. We obtain a constrained Hamiltonian 
system. The action is first order in the time derivatives and the Hamiltonian results to be a 
linear combination of the constraints. 



II. THE CONFORMAL SUPERALGEBRA SU(2,2|1) 

The conformal superalgebra su(2,2|l) is given by [7] 
[M/j, M KL ] = r] JK M IL + rii L Mj K - rjj L M IK - r) IK M JL 
[Mu, P K ] = VJkPi - vikP.j, [Mu, K k ] = VJkKi - t/ikKj, 
[Pi, D] = P l7 [Kj, D] = -Kj, [Pj, Kj] = 2 VlJ D - 2M U , 
[Q a ,M/j] = i( 7/J )« p Q , [S a ,M u ] = \{ lu r p S?, 
[S a ,Pi] = ( 7 /) Q Q , [Q a ,Ki] = -( 7 /) Q Sf>, 
[Q a ,D] = \Q a , [S a ,D] = -\S a , 
[Q a ,A] = -f ( 75 ) a Q 13 , [S a ,A] = f( 75 )« SP, 

{Q«, sf} = -liC-^D + I( 7 "C- 1 )«' 3 M /J + ( 75 C- 1 )^A, 



(1) 



where 

{li, 1j} = 2r?/j,{7/,75} = 0, 75 = -1, (2) 

and 

7 " = I( 7 V-7V)- (3) 
To fulfill these relations we can choose the matrix representations of the Bose basis 

Pi = -^7/(1 + *7s), Kj = ^7/(1 - i-y 5 ), 
Mu= D= | 75 , A= -if, (4) 

and the Majorana spinor representations of the Fermi basis 

Qa= {t)' andSa= {t)- (5) 

In this paper we adopt the following index notation: /, J,K,L,... are group indices; a, f3, . . . 
are Majorana spinor indices; ji,v,p,... are spacetime indices ; i,j,k,... are spatial indices, 
A,B,... and A' , B', . . . are used to denote SL(2C) spinor indices. 
Using the identities 

e IJKL lu = 2 l5l KL , ande IJKL lnJlK = -6 75 7 L , (6) 
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for any element O of SU(2,2|1), we can define its dual by 

0* =j 5 (7) 
then the self-dual and the anti-self-dual parts of O are given by, respectively, 

+ = \(0-iO*)= l -(l-i l5 )0 1 
0- = \(0 + i0*) = i(l + z 75 )0. 



III. CONFORMAL SUPERGRAVITY 

Introducing the su(2,2|l) algebra valued connection one-form 
r = w + e + f + b + A+ip+(f> 
= ^u IJ <g> M u + e 1 <g> Pj + f 1 ® Ki + b <g> D + 

a®A + ^ a ®Q a + ct) a ®S a , (8) 

and its curvature 

o = £»r = cff + i[r,r], (9) 

we can compute 

o = o(M) + o(P) + n(K) + n(D) + n{A) + o(Q) + o(s) 

= io /J (M) <g> M 7 j + 7 (P) <g> P/ + O^iT) <g> if/ + 0(D) <g> L> 

+0(A)®A + Q (Q)®Q Q + Q (S*)®S' ct , (10) 

where 

0"(M) = dw /J + w /K a <^ J - 4 (e' A / J - eJ A f) + \~i>l U <t>, 
O'(P) = de 1 + oj ij A ej - ^ A 7^ - 2e 7 Aft, 

n' (^) = df + uj ij A /j +j^4> A 7V + 2/ J Aft, 

n(D)=db-2e*_/\f I + li>f\<f>, 
0(A) = da+ |^A750 

0(Q) = # + \u IJ A 7/J^ + 6 A V' + 3a A 75^ + V^y/e 7 A 0, 
0(5) = # + ia; 7J A 7/ - 6A0-3aA75^ - V^j/ 1 A V>- 

(11) 

For a gauge theory its Lagrangian can be chosen among the four types 

(nf\n*^,(p/\n^,(*nf\nj,and (|*o/\o*^> 

, where *0 denotes the usual Hodge dual of with respect to the spacetime metric and (, ) is 
the Killing inner product defined in the superalgebra su(2,2|l). In the bosonic sector 
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(0,0')=Tr(00'), 

and in the fermionic sector 

(0,0')=00', 

where O is the Dirac conjugation of O. Using (11) and (12) we can compute, for example, 

(n f\ n*} = (n(M) f\ q(m)*} + (si(D) f\ o(A)*} + (n(A) f\ o(l>)*} , (12) 

where 

(fi(M) f\ ft(M)*} = -\e IJKL (rMjj f\ R(u)kl) - Se IJKL ej f\ fj f\ e K f\ f L 

-^ eIJKL ^u4 >f\^KL<f>, (13) 
with R(oj)ij = Dloij = dwij + lo i k /\ojkj and 

(n(D) f\ n(A)*^ + (n(A) f\ o(l>)*} 

= 2da /\db+ l -^ A f\4> A + ^ A^') A db 
-da A(4e J A // - \l>A /\<f> A + \^ A ) 

-ie 1 A // Aw* A ^ + ^ A^') 

+\(ip A f\<p A l\ip B f\<p B f\4 A , A^' A^')- (14) 

It is notable that the property 

^cj) = -ft), (15) 

leads to 

(fi(Q) A "(5)*} = - (SI(S) f\n(Q>) (16) 

and then there are no dynamical terms of the Fermi fields ip and 4> in the Lagrangian, which is 
different from the Lagrangian given by Nieuwcnhuizen [6-8] : 

C = 4 (si(M) A 0(M)*} - 32 (n(D) A 0(A)*} + (si(Q) f\ ft(5)*} (17) 

It is notable that the Lagragian (13) is obtained without using the constraints on curvature 
which is indispensable for the Nieuwenhuizen approach. 

IV. SELF-DUAL CONFORMAL SUPERGRAVITY 

Using the definition of the self-dual and the anti-self-dual introduced in Sec. 2, the connection 
T can be decomposed into two parts: 

r = r+ + r-, 
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where 

T± = + e ± + f* + b± + A ± +tp ± +<j> ± , 
and so can the curvature 

n = n+ + Q-, 

where 



(18) 
(19) 



= o ± (M) + o ± (p) + ^(K) + n ± (z?) + ^(A) + o ± (g) + n^s). 



(20) 



Since 



where 



(21) 



= (p~ f\n*~^ = -i (p~ , (22) 

and (SI /\ 0*) does not include dynamical terms of the fields tp and 0, we choose the self-dual 
part of the Nieuwenhuizen Lagrangian 

C = 4 ici(M) f\ fl(M)*\ + - 32 ici(D) f\ il(A)*\ + + 8 (Wffj /\Sl(S)* 



(23) 

to be the Lagrangian of the self-dual conformal supergravity theory instead of (il f\ Q*). 

In order to obtain the explicit expression of L we use the matrix representation of the super- 
algebra su(2,2|l). In the chiral representation of the Dirac matrices we have 



= V2 



<j iaa ' 
(t'aa'Y 



JJ 



r „IAA'J „JAA'I 
cr o ba> — o o BA' 



1 +IJA B 








ct'aa'Ct^' -a J AA ,a IAB ' 



A 



1 - IJ ■ B ' 

I 
/ 



A 1 

, and D 



I 
-I 



(24) 



In this representation the spin connection u) and its curvature R(uj) — duj + ^ [u, w] have the 
two component spinor forms 







uj- 



B' 



and 



R(w) = 



R+(oj) a e 



B' 



(25) 



5 



where uj +a b = 'lu A b and R +A s(o;) = ^R(u)) I,J '■fij A b are the self-dual parts of uo and 

R(w) respectively. From (25) we get ~i IJC d1i.j A b = 4:€ CA e DB - AS B C S A D , and -f IJ C ' D 'lu A B 
= 0. Then we can obtain 
4(fi(M) /\n(M)*) + 

= i{AB ■ B - AC ■ C + 32(e AA ' f BA ,e BB ' f AB , - f AA 'e BAI e BB 'f AB ,) + 2^ A 4> B ^ B A }ad 4 x, 

(26) 

where a = dct{a I AA '), f AA ' = j ! ai AA ' and 

n R 1 n E' F' r/AG'B CH'D 

tS ■ tS — —K A E'B CF'D ti G' H> , 

16 

T^f 77 1 n E F' dGA' B'CH'D / 07 n 

C • O — — B'CF'D ti G H ', {*<) 

and the spacetime indices /U, f, have been transformed to spinor indices AB', CD', 

using the formula, for example 

V AB ' =Ve lt I a I AB '. (28) 
From the matrix expression of D and A we see that 

n+(A) = n~(A), n+(D) = -n~{D), 

and then 

^(d) f\n(A)*y . = (si(D) /\n(A)*) =^(n(D)/\si(A)*y (29) 

Using (12) and (25) and (31) we have 

-32 (n(D) f\n(A)*y 

= -Wda f\db- 8iip A f\^ A f\db + da /\(32e 7 f\ /, -H A f\4> A ) + 

m^ A A^A g/ A h - 2i ^ a A ^ A ^ A ^ ■ ( 3 °) 

From (12), (11), (5), (20) and (8) we obtain 

8in(Q) + /\n(s)+ 

= 8iD^ A A D<P A - 8(3a - ib) f\(D^ A f\cj> A - D<fr A f\ ip A ) + 
16(3a - ib) /\(?P A A fAA' A ^ -<t> A N °aa> A ~f) - 

16i{D^ A A Saa- /\^ A ' + D<P A A & AA' 32ij A '<r AA >e A B ,i> B ' . (31) 

Equation (24) with (27), (32) and (33) gives the Lagrangian for a self -dual conformal super- 
gravity. 
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V. HAMILTONIAN FORMULATION 



Following standard methods [15,16] a 3+1 decomposition of the Lagrangian can be carried out 
to pass on to the Hamiltonian framework. In this decomposition the tetrad variables <j^ aa are 
split into <jq AA and <Ji AA ( i, j, ... — 1, 2, 3). The spatial spinor-valued forms Oi AA 
determine the spatial metric Qij = —troiOj on a surface S t with t = const. The spinor version 
n AA of the unit timelike future directed normal n M to £ t can be used together with the 
<Ji AA to make a basis for the space of spinors with one unprimed and one primed index. It 
is determined by the di AA through the conditions uaa> <Ji AA — 0, haa 1 n AA = —1. The 
remaining variables oq AA can be expanded out as 

a AA ' = Nn AA ' + N l a AA ' , (32) 

where N and N z are the lapse and shift, respectively. Similarly the other forms, e. g. the Vv A 
are split in to ipo A , and ipi A and their conjugates. Then a 3+1 decomposition of the Lagrangian 
can be computed: 

C = uii A B + P l (a) a, + p*(6) fo+if> l A Sr* A {q)+ <Pi A tt* a (s) - 

*o AA ' H AA ,(e) - f AA ' H AA ,{f) - lu a b J A B - a H(a) - b H(b) - 
i>o A S A (q) - tp A S A (s) ~^ Q A ' S A ,{q) - ^ A ' S A >(s), (33) 

where 

P l A B {u) = Urf^Dj Lu k B A , 

p*(a) = (2djb k + 4f jk + ip jA <Pk A ), 

p*(6) =-%^ k {2d 3 a k +i4, 3AVk A ), 

Tr l A (q) = -8rj t:)k [iZ?j^feA + (3a,- - ibj)<fi kA +2if jAA/ tp k A '}, 
k 1 a {s) = -8 rj l3k [iDjtj) kA + (3aj - ibj)ip kA + 1iajAA'^Pk A '\, 

(34) 

and 

HAA'(e) - 64z^ fe / J BA'(/ J SB '^AB' - <Tj BB 'fkAB>) + 2/jW(&) + 27r i A («)^ 1 „ 
#AA'(/) = 6W 3k ^BA>(v3 BB '.fkAB> ~ fj BB ' <T k AB>) ~ 2a iA A>p i (b) + 2w i A (s)^ iA ,, 

Ja b =D lP ~ l A B (u) 

H(a) = 2i[n l A (q)^ A ~ A (a)ipi A ]_ 

+16^ k (2DJ jk + ^ A f jAA ,iP k A ' - ipi A <T jA A>V k A ') ], 

H( b) = 2[w i A (q)^i A - ^a(s)^ a ] - 16 i^ k {^ A f jAA > ^ k A ' - ^ A ° 3 aa> V k A ') ], 
S A {q) = -D^ A (q) - 2(3a, - ib^ 1 A {q) + \^ A [p l {b) + i p*{a)} 
+ 16 irf^ipiAlpjBPk 3 , 

S A (s) = -D^ A {s) - i(Z ai - ibi)^ A {s) - \^ A [p l {b) + i p l {a)] 

-16 ir? jk il> iA i>jB<Pk B , 
~SA>{q) = y i A' A K i A {s), 
S A '{s) = 2a lA ' A ^A(q). 

(35) 

-ijk 

Here we use V to denote the Levi-Civita tensor density on S t and the tilde ~over a tensor 
density to indicate its weight +1. The meaning of all terms in (35) will be clear in the following. 
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To pass on to the Hamiltonian formulation we have to use the Legendre transformation and 
the Dirac-Bergmann algorithm [17,18]. Calculating the canonical momenta conjugate to all the 
field variables gives primary constraints. 

*°AA>(e) = ipAA>(e) = 0, & AA >{e) = p l A A>(e) = 0, 

*°AA>(f)=$ , AA>(f) = 0, &AA>(f) =P i AA'(f) = 0, 

= jf A B (cu) = 0, & A B {«>) = P l A B H - 4i 'fi* R + ikA B (u) ~ 0, 

- ijk 

$» = p°(a) = 0, $*(a)= p i (a)+ V (16d 3 b k + 32f jk + fy JA <p k A ) « 0, 

$°(6)= p°(6)= 0, $ 4 (fe)= »y (16^a fe + 8i4> jA <p k A ) « 0, 

= = 0, 

- 5r*A(g)+ f [8i£>^feA - 8^ A (3a fc - ib k ) + 16f jAA ,ip k A ] » 0, 
= 7r° A («) = 0, 

J> 4 a(s) = 7r i A(s)+ »7 [8i£>jVfc,i - 8^ A (3afe - ibfe) + 16cr M A'^ fe A '] « 0, 
= 7r°A'(?7) - 0, f A ,{q) = ^A'(q) = 0, 

$%,(*) = 7T°A'(3) = 0, = ^A'(s) = 0, 

(36) 

The basic canonical variables in the theory can then be reduced to u>i A B, di, h, tpi A 1 fi A 
and their conjugate momenta p % A B (uj) , p l (a), p 1 (b) ,7p a{q) , saidw 1 A (s). The uJi A b is just the 
Ashtekar connection. The canonical momentum conjugate to LOi A b > however, is not the a 1 A B 
but the p 1 a b (lo) — Avrfi k DjLo k B A being different from the Ashtekar theory The remaining 
variables o^ AA , fo AA > ^o A b , flo, bo, ' l Po A , fo A , iPo A , and Tfio A play the role of Lagrange 
multipliers. The <ii AA , fi AA arc neither dynamical variables nor Lagrange multipliers. The 
canonical Hamiltonian is 

H c = [ <7q AA ' H A a> (e) + h AA 'H AA i{f) + u a b Ja B + a H(a) + b H(b) + 

<Po A S A (q) +Vo A S A (.s)+^ A 's A ,(q) +Tp A ' S A ,(s). (37) 

Using H c and the linear combination of the primary constraints with arbitrary function coeffi- 
cients we can construct the primary (or total) Hamiltonian. Then the consistency conditions i. e. 
the requirements of preserving constraints under time evolution lead to secondary constraints 

H AA ,{e) -0, H AA ,(f) =0, J A B -0, H(a) = 0, H(b) =0, 

S A (q) = 0, S A (s) = 0, S A ,(q) = 0, S A ,(s) = 0. (38) 

which are the generators of the superconformal group SU(2,2|1). In order to classify the con- 
straints (36) and (38) we have to compute Poisson brackets between each pairs of them. The 
complicated results which are given in the appendix make this classification very difficult. How- 
ever using Dirac brackets instead of Poisson brackets one finds that all the constraints are first 
class and the constraints (38) are the generators of the superconformal group SU(2,2|1). 

In summary, we have given a Hamiltonian formulation of the self-dual conformal supergravity 
which is a constrained Hamiltonian system. The Lagrangian (33) is first order in the time 
derivatives and the Hamiltonian (37) results to be a linear combination of the constraints.. 
This is a theory of connection dynamics in which one of the basic dynamical variables is the 
self-dual spin connection (i.e. the Ashtekar connection) Ui A b rather than the triad Oi AB . 
Unfortunately, the Dirac bracket structure is very involved in our case , and we were not able 
to compute it explicitly. 
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VI. APPENDIX 



In order to classify the constraints we compute the Poisson brackets between them according 
to the method given by Casalbuoni [19] the nonvanishing Poisson brackets are listed here. 
The nonvanishing Poisson brackets between the primary constraints are 



{fAA>(e),&(a)} = 32 f St ^ k f kA A', 
{& AA ,(e),& B (s)} = 16i/ E( ^ k e AB V kA ,, 
{&aa. (/), &(a)} = 32 / Et ffi k a k AA> , 
{&AA>{f),& B {q)} = 16* / E( V ijk tAB 4> kA ,, 
{ &A B {u),&A{q)} = %*k t V ijk 5B<PkA, 

{ & A B (lo),& A (s)} = Sif^ ^ k 5 B ^ kA , 
{f A (q), &A>(q)} = 16i/ Et V ijk fkAA', 
{*'a(«), $V(*)} - 16i/ Et ^'*(7 fc AA', 



The remaining Poisson brackets between the primary constraints vanish. One can find that 



$%A'(e), <I>% B M, <&», $°(6), <&%(?), <&V®, $V(s) arc first 



class. In addition there are vanishing Poisson brackets 



{a k AA '& AA ,(e) + f k AA ^ AA '(f), ^'(o)} = 0, 
{$W(e) + S*aa'(/). ^/^bW-^^^bW} = 0, 
{ &A B (u),J>j C &D(q) - <Pj C &D{8)} = 0, 
{&A(q) + &a(s), & A >{q)(T k BA ' + & A >(s)f k BA '} = 0. 



This means that there are more primary constraints which are first class. 

The nonvanishing Poisson brackets between the primary constraints and the secondary con- 
straints are 



{&AA>{e),H BB ,{e) } = -64i J* E( r) ijk (f jAB > f kBA , + f 3 c ' A , f kCB >e AB ), 
{& AA >(e),H BB ,(f)} = 

J St 2eAseA'B'P 4 (^) + 64ir] ijk e A , B/ (a jA c ' f kBC < - fj A C ' v kB c)+ 
64irj l:)k (<j jAB 'fk BA > + fj° A ><J k cB> cab), 
{&AA>(e),H{a) } = J E( ^' fc (32D J -/ fcAA , - 16^ feA ,), 
{$W(e),ff(fo) } = 16i J E( rf^ipiAiPkA,, 
{&AA>{f),H BB ,(e)} = 

- J E( 2e A ijeA'i3'P i (&) + &4:iTj ijk e A 'B'{^jA C ' fkBC - fjA C 'cr kB c>)+ 
§kir?i k {a iAB ,f kBA , + fj C A >a k c B < e AB ), 
{® % AA'(f),H B B'(f) } = -64i J E( rj l:)k (<j jAB ,<j kBA , - <Tj C ' A XT k CB>e AB ), 
{f AA ,(f),H(a) } = f Et ^' fe (32^a fc AA + 16^ fcA 0. 
{$*AA'(/),ir(6) } = -16i J E( rf^MkA', 



(39) 



the 



constraints 



(40) 



J Et 5% 

{& A B (u),S c ( q )} = f^ 



P c B {u) - 

SE^A(q), 
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{^ A B (u),Sc(s)} = J Jlt 6B^A(s), 

{$'(0), S A (q)} = J St $v ijk [ujA B <PkB + (3m, + 6j)VfcA] + 3wP A (9), 
{$*(<»), §a(s)} = J St -^ k [u jA B ^kB + (3iOj + b,)i, kA ] + U^ A {s), 
{$*(&), - J* E< 8^ fe [^A B ^i3 - (3ioj- + 6,)^a] + ^a(<z), 

{$*(&), S A (s)} = J St -8^ fc [ Wj /^ B - (3» 0j + 6,-)^] + ^a(s), 

{f A (q),H B B>(f)} = -16i/ E( r? ik <p jA <TkB B ; 
{& c (q),J A B } = 81 i? jk (dSuj jA D <p kD -uj j B c<PkA), 
{& A {q),H(a)} = j^ t \Q^ k [-oj lAB ^ k B + (Siaj + bj)(p kA - 

fj AA ^ k A ']+2iw i A (q), 
{& A (q),H(b)} = J St 16^ k [-iw jABVk B + (3oj - ibj)tp kA + 

if jAA >i> k A '] + 2in l A (q), 
{&A(q),SB(q)} = &if St ri iJk tPjA<PkB, 

{$ l A (q), S B (s)} = - J Et Ur^ 3k \^j A c^kB C + 2ui jAB (3ia k + b k ) - f jA ip kB + 
2e AB ip jC ipk C } + \tAB[ip l {a) + p*(6)], 
JZflB'(e)} = -16i / E( ^% A fkBB', 

{& A ( S ),H BB ,(f)} = 16»/ E( ^ViA^BF, 

{$ l c(s), Ja 5 } - 8i J Et ?} ijk (5Su; jA D iJ k D - Uj B cM, 
{& A (s),H(a)} = J E( 16fyy fc [-WjABVk B + (3»Oj + & j )VfeA+ 

ajAA'Vk A '] ~ 2m l A (s), 
{& A (a),H(b)} = J^Wv^iiujABipk 1 * + (3o 3 - - i&j)^fcA- 

iCjAA'^fe' 4 ] - 2wPa(s), 
{$ i A (s),6 , B (g)} = -/ St 8^ fe [w M cWfeB C + 2^AB(3ia fc + 6 fe ) + ^ A ^feiJ- 

2eAB^c'0fe C '] + |eAB[«P*(a) + 
{$ 1 a(s),5b(s)} = 8* J E( rf^A^kB, 
{& A ,{q),H BB ,(f)} = -2/ Et ^ B (s)e A 'S', 
{$ V (5), (e)} = -2 ] E( 7T* B (g)eA'B' ■ 



The nonvanishing Poisson brackets between the secondary constraints are 
{H AA ,(e),£ B (q)} = 2j j: J iAA ,n i B (q), 

{H AA ,{e),S B {s)} = 2 J Et W^b(s), 

= -2/ Et CTMA'5r < B(g), 

{H AA >{f), S B (s)} = 2 J Et ^AA^S^), 

{ Ja b , S c (<?)} = J E( 5§u iA D ^ D {q) - uj lC B ^ A {q), 

{J A B , Sc(s)} = j* Et ^WiA^TT^^) - W iC S ?i(s), 

{#(a), Sa( 9 )} = J Et 2i^A B ^s(g) - 2(3a, - ib t )^ A {q) - [p l (a) - 1 p l (b)}<p lA - 
16?? jk [uj iA B f jBB , + (3ia t + bi)f jAB ^ k B ' + Z2^ k VlA iP jBVk B 

{H(a), S A (s)} = J E( -2iaj tA B n l B (s) + 2(3a, - ibi)^ A {s) - [p l {a) - 1 ?(6)]^A 
16rf jk [u> iA B a jBB/ + (Sia, + bi)(j jABI Tp k B ' - 96rf jk ip iA ip jB tp k B 
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{H(a),S A ,(qj} = / Et UfSA'&Ais) - 32^ k f A A ,cr jAB ,lp k B ', 

{H(a),~S A ,{7j} = J St -4ia t A A ,^ A (q) + 2,2^ k c7i A A ,f jAB ^ k B \ 

{H(b), S A (q)} = / E( 2u>i A B Tr i b(q) + 2(3io< + & i )5r i j4 (g) + [ip*(a) + ?(6)]^a- 

16^'*[ia; i A B /iBB' - (3a« - ibi)f jAB ^ k B ' + 32fj i * k <p iA il>jB<Pk B , 
{H(b), S A (s)} = J St -2lo iA b V b {s) - 2(3ia; + h)^ A {s) + [0(a) + p*(6)]^ iA - 

16rf ik [iuHA B crjBB' - (3a, - ibi)a jAB >Tp k B ' + 96rj t:)k ^i A i{j jB tpk E 
{H(b),~S A ,(qj} = J Et 4//^^ A ( s ) + 32^ fe //^'^s^ fe S ', 

{#(&), Sa'(^)} = / E( -4a/^P A (g) - 32^'V/a' W^ fe s \ 

{5 , j4 (g),S' B (s)} = J St A (q)tl) iB +7t 4 a(s)^b + e AB (3ai - «6 4 )[p 4 (a) - + 

\Ur\ nk [u) iA C^3B^k C - ^iBC l f 3 A^k C ) + 

32e AB ^ k (3a l ~ib l )^ J c'Pk C , 
{S A (q),S A ,(q)} = J E( + P*(&)] + ^i^ k (f iAA ^ jB if k B + f iBA ^ jA ^ k B ), 

{S A (q),~S A ,{7j} = 32i J E( rfi k ai B A><PjA<PkB, 

{S A {a),^A'(qj} = 32 i / Et V ijk fi B A'MkB, 

{S A {s),S A '(s)} = - J Et cr^A'I^O) + + 32irj l: > k (ai AA >ip jB tp k B + (r lBA ,ip jA ip k B ). 

(42) 

It is very difficult to classify constraints using these Poisson brackets.. Only two first class 
secondary constraints can be found out: 

a l AA 'H AA> {e) + fi AA ' H AA i (/) and H(a) - iH(a). 
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